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ABSTRACT 
 
Purpose: The objectives of this thesis were to describe the quantity of physical activity (PA) in 
cardiac rehabilitation (CR) participants at the end of their program, and the correlates of PA, in a 
theoretically-informed manner. 
Methods: A secondary analysis of baseline data from a randomized controlled trial was 
undertaken, cross-sectionally. Participants completed questionnaires which assessed socio-
ecological constructs and PA at CR completion.  
Results: 255 (40.0%) patients consented to participate. Participants engaged in a mean of 184.51 
(SD=129.10) minutes of weekly moderate to vigorous-intensity PA, with 134 (62.9%) meeting 
the guideline-recommendation of 150 minutes. In the multivariate model, the socio-ecological 
correlates which were significantly related to meeting the PA target at CR completion were: 
greater functional status (OR=1.043, 95%CI=1.009-1.079), self-monitoring (OR=2.342, 
95%CI=1.422-3.856) and living with someone who requires caregiving (OR=0.22, 
95%CI=0.050-0.970). 
Conclusion: CR programs should promote greater PA on non-CR days to ensure guideline 
attainment, and hence better health outcomes.
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INTRODUCTION 
 
 Cardiovascular disease (CVD) affects a large number of Canadians; there are 393,759 
hospitalizations for CVD annually which accounts for 14.1% of all hospitalizations. It has been 
reported that there are more than 1 million Canadians currently living with the disease 
1
. There is 
a myriad of risk factors, non-modifiable and modifiable, influencing the incidence and outcomes 
of CVD. Lifestyle behaviours such as smoking, physical inactivity and poor diet, which can lead 
to the development of dyslipidemia, hypertension, diabetes and obesity, are significant factors 
influencing the incidence and prognosis of CVD. Therefore, CVD requires appropriate long-term 
management and health behaviour modification to reduce or eliminate the occurrence of acute 
coronary events and other complications 
1
.  
Better CVD outcomes are dependent on cardio-metabolic fitness, mediated by 
appropriate health behavior 
1
. Regular exercise is an important contributor to cardio-metabolic 
fitness in patients with CVD. Canadian guidelines recommend 30 to 60 minutes of moderate-to 
vigorous-intensity physical activity (MVPA) on most, preferably, all days of the week for 
patients with CVD.  Better CVD outcomes are the result of the effects of exercise training on 
cardiovascular risk factors, vascular biology, and the atherosclerotic process itself 
1
. There is a 
graded, positive relationship between both the volume of physical activity as well as the level of 
cardio-respiratory fitness and health status 
2, 3
. 
Participation in cardiac rehabilitation (CR) is the recognized standard for supporting 
CVD patients in developing an exercising lifestyle 
4
.  Participation in exercise-based CR 
decreases total and cardiac mortality by 20-26% 
5
.  Exercise counseling and training is one of the 
2 
 
core elements of CR 
1
.  CR programs are successful in ensuring patients initiate regular exercise, 
and increase their exercise behaviour.  
While participation in CR programs results in greater exercise behavior, surprisingly 
there are few studies that consider the attainment of physical activity (PA) recommendations in 
CR graduates and the theoretical aspects related to this exercise behavior. Thus, there is a major 
gap as this theoretically-informed knowledge can form a concrete foundation for interventions to 
be delivered within CR. 
2.  REVIEW OF LITERATURE 
2.1 Defining CVD 
 CVD is defined as a group of conditions that affect the function and structure of the heart 
and blood vessels 
6
. Coronary Artery Disease (CAD) is one of the most common types of CVD 
and is characterized by a reduction in the diameter of the blood vessels supplying oxygenated 
blood to the heart.  Its underpinning pathophysiology involves the accumulation of plaque within 
the lumen of the arteries supplying blood to the heart 
1
.  This build-up of fatty materials leads to 
plaque formation, known as atherosclerosis, and can occur in any artery of the vascular system.  
Often concomitant with such accumulation of arterial plaque, is the hardening of the endothelial 
walls of the arteries, leading to a reduction in elasticity of the vessels 
1
.  The diminished 
elasticity and reduced diameter of the coronary arteries hinder or entirely stop the flow of blood 
to the heart—a process required for continued operation and contraction of the cardiac muscles, 
which ultimately works to drive systemic and cardio-pulmonary blood circulation necessary for 
life 
1, 6
.   
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2.2 Burden of CVD 
CVD is the single greatest cause of mortality in Canada and it has been reported to 
account for 32% of all deaths in 2004 
1
.
 
 It is important to note that CVD is not only a problem in 
the developed and affluent nations such as Canada, but also has become the leading cause of 
death in the developing world. 
 
It is proposed that between 1990 and 2020, there will be an 
increase of 120% and 137% in women and men respectively, with regards to the prevalence of 
CVD in the developing regions of the world 
7
.   
A large number of Canadians, in particular older adults, live with CVD 
1
. Individuals 
who are diagnosed with CVD tend to have a much lower health-related quality of life in 
comparison to individuals without the disease 
8
.  Despite reductions in CVD mortality rates over 
the past several decades, it still remains as the leading cause of life expectancy loss in Canada.  
CVD poses one of the highest economic burdens when compared to other diseases in 
Canada. The direct and indirect costs associated with CVD are 6.8 billion dollars and 11.6 billion 
dollars respectively in 1998 
8
. The direct expenses associated with CVD include hospital care 
expenditure, drug expenditure, and physician costs. It is important to note that the diagnostic and 
corrective procedures associated with CVD are among the most costly elements of this epidemic.  
On the other hand, the indirect expenses include costs attributed to lost productivity due to short 
and long-term disability and premature mortality 
1
.   
2.3 Secondary Prevention of CVD 
 Patients with CVD are at a high risk of subsequent events. Therefore, appropriate long-
term management is required to reduce or eliminate further complications through the adoption 
of secondary prevention 
9
. The Canadian Association of Cardiac Rehabilitation (CACR) defines 
4 
 
secondary prevention as “the sum total of all interventions, both physiological and behavioural, 
designed to favourably modify an individual’s lifestyle and enhance adherence and compliance 
with long-term behaviours compatible with minimizing disease progression” 1.  Secondary 
prevention is comprised of pharmacological intervention, smoking cessation, eating a heart-
healthy diet and PA 
10, 11
. Pharmacological therapies aim to reduce the hazard associated with the 
major modifiable risk factors of hypertension, dyslipidemia, diabetes and smoking. Beta-
blockers, statins, angiotensin converting enzyme-inhibitors and antiplatelet/anticoagulant agents 
are among some of the common pharmacological agents with proven benefits in CVD patients 
10, 
11
.  Another important component of secondary prevention is smoking cessation. Smokers should 
be counselled in a non-judgmental manner to devise a plan for quitting smoking. This may 
include pharmacotherapy and/or referral to a smoking cessation program 
10, 11
 .  Finally, diet is an 
essential part of secondary prevention. A healthy balanced diet consists of a high intake of fresh 
fruits and vegetables, and consumption of low fat dairy products, dietary and soluble fibre, as 
well as whole grains and protein from plant sources which are low in saturated fat, cholesterol 
and sodium 
10
.   
Most centrally to this thesis, regular PA is arguably one of the chief contributors to 
secondary prevention in patients with CVD. In order to achieve health benefits, Canadian and 
American guidelines recommend that adults aged 18-64 accumulate at least 150 minutes of 
MVPA per week 
10, 11
. Improvements in cardio-metabolic fitness are the result of the effects of 
PA on the cardiovascular risk factors, vascular biology, and the atherosclerotic process itself 
1
. 
Some of the cardiovascular risk factor modifications associated with PA include management of 
systemic hypertension, better serum cholesterol levels, maintaining a healthy body weight and 
reducing the likelihood of developing type II diabetes. 
 
Moreover, PA has shown to reduce the 
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circulating levels of C-reactive protein which is a major contributor to atherosclerosis 
1, 12
 .  The 
level and type of PA can have significant effects on morbidity and mortality rates in patients with 
CVD.  Benefits can also be achieved from leisure time PA such as recreational activity, walking, 
and moderate or heavy intensity gardening 
1, 2
 . Cardiorespiratory fitness is another valuable 
prognostic tool which can be used among patients with CVD 
2
.
 
Cardiorespiratory fitness when 
measured in metabolic equivalent (MET) can be a strong predictor of the risk of mortality. It has 
been shown that every 1 MET increase in cardiorespiratory
 
fitness corresponds to 12% 
improvement in survival rates among CVD patients 
2
.
 
Therefore it can be inferred that there is a 
graded, positive relationship between both the volume of PA and health status, and the level of 
cardiorespiratory fitness and health status 
2, 3
.  Participation in CR is the recognized standard of 
supporting CVD patients in developing a physically active lifestyle 
11
.
 
2.4 Cardiac Rehabilitation in Management of CVD 
CACR has defined CR as the enhancement and maintenance of cardiovascular health 
through individualized programs designed to optimize physical, psychological, social, 
vocational, and emotional status
 1
.  This process includes the facilitation and delivery of 
secondary prevention through risk factor identification and modification in an effort to prevent 
progression and the recurrence of cardiac events.  
CR programs are delivered by an inter-professional team including cardiologists or other 
physicians, nurses, exercise therapists or kinesiologists, psychologists or social workers, 
registered dietitians, and pharmacists 
1, 13 
. In Canada, CR programs are typically offered for 5 
months duration, starting a month or two post-discharge for a cardiac event or procedure
 13
. 
Patients come on site on average twice per week during this time for education and supervised 
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exercise. The individualized exercise prescription is based on the extensive intake assessment, 
which generally includes a graded, maximal exercise stress test.  
The core components of CR include health behavior change and education, lifestyle risk 
factor management (which includes PA, diet and smoking cessation), psychosocial health, 
medical risk factor management, cardio-protective therapies, long-term management, along with 
audit and evaluation 
14
.
  
Arguably, PA counseling and training is one of the key components of 
CR responsible for mortality reductions observed
  12
. A systematic review and meta-analysis 
conducted by Taylor et al. 
12
 investigated the effectiveness of exercise-based CR specifically 
compared with usual care in CAD patients. There were 48 randomized controlled trials with a 
total of 8940 patients included in this Cochrane review. The results showed that exercise-based 
CR was associated with reduced all-cause mortality and cardiac mortality. Moreover, there is a 
greater reduction in total cholesterol level, triglycerides, and systolic blood pressure as well as 
lower rates of self-reported smoking when compared to the usual care group.  This review 
confirmed the notion that PA has direct benefits on the cardiovascular system as well as the 
indirect effect of lowering mortality rates through ameliorating risk factors for atherosclerotic 
disease 
12
.  
2.5 Physical Activity in Cardiac Rehabilitation 
 The high degree of physical inactivity in the general population is well established. 
However, surprisingly little is published regarding the actual volume of PA achieved in CR 
participants. It is also important to note that PA is recommended on most days of the week, while 
CR is generally offered on 2 days of the week in Canada. Thus, CVD patients are encouraged to 
engage in PA on non-CR days to achieve guideline recommendations 
15, 16
, and to facilitate their 
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engagement in and maintenance of their exercising lifestyle in their home or community 
environments post-program.  
Through a review of the literature assisted by an information scientist, publications 
reporting on the volume of PA in which participants engage during supervised CR sessions and 
outside of CR in relation to guideline recommendations were sought.  For the purpose of study 
selection, articles citing the number of minutes of MVPA per week (goal of 150 minutes or at 
least 6500 and preferably 10000 steps/day) or kilocalories/week (kcal/wk) were considered. 
Specifically, 1000 kcal/week is equivalent to the guideline-recommended level of 150 minutes of 
MVPA per week. However, it has been suggested that energy expenditure of 1500 kcal/week or 
more is required in order to stop the progression of CVD, and moreover that the regression of 
CVD can be achieved through an energy expenditure of 2000 kcal/week 
15, 17 , 18
. Seven studies 
assessing the volume of PA in relation to guideline recommendations at the end of CR were 
identified 
15, 16 , 19 , 20 , 21, 22, 23
. These are outlined in chronological order below.  
First, Savage et al. 
16
 investigated the caloric expenditure in 112 CR participants; 87 of 
which were men and 25 were women. All patients attended three exercise sessions per week, 
with an average total aerobic exercise duration of 48 ± 6 minutes, which is consistent with the 
model of CR delivery in the United States. Each exercise session comprised aerobic exercise and 
resistance training with a total caloric expenditure of 270 ± 112 (mean ± SD) kcal per session. 
Gross energy expenditure was estimated during 2 exercise sessions by calculating duration and 
heart rate for each exercise modality, and converting the VO2 from the exit stress test to 
determine energy expenditure in calories. The mean energy expenditure at the 36
th
 and final 
session was 282 ± 24 kcal (range 72-647). While patients did achieve significant increases in 
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VO2peak, results showed that 73% did not expend the needed kilocalories per session to meet the 
minimum guideline-recommended levels of 1000 kcal/week. In multivariate analysis, session 
duration and exercise intensity were, among other variables, independent predictors of energy 
expenditure at the end of CR. PA outside of CR was not considered in this study.  
Second, Ayabe et al. 
15
 examined the PA patterns among 5 men and 24 women attending 
a CR program.  The CR sessions were offered three times per week and each session was 
approximately an hour in duration. In order to assess PA levels, participants were required to 
wear a uniaxial accelerometer for 10 consecutive days. Results indicated a caloric expenditure of 
1778 ± 877 kcal/week (mean ± SD) among men and 1197 ± 622 kcal/week (mean ± SD) among 
women. The amount of moderate and vigorous-intensity PA specifically was, respectively, 137 ± 
116, and 7 ± 14 minutes/week for men, and 100 ± 91, and 4 ± 10 minutes/week for women (the 
difference between the sexes was not significant, when adjusted for differences in body weight). 
Participants in this study then on average met the guideline-recommended caloric expenditure.  
As expected, PA was significantly greater on CR than non-CR days. The authors also reported 
that less than half (43%) of the participants exceeded 1500 kcal expenditure per week suggested 
to stop the progression of CVD. 
Reid et al.
 20 
prospectively
 
examined the patterns of PA among CAD patients. The study 
comprised 782 patients, aged 20 to 85 years, who were hospitalized for CAD at cardiac centres 
in Ottawa and Kingston, Canada and were followed for a period of one year post-hospitalization.  
The dependent variable was leisure time activity energy expenditure which was measured using 
a telephone administered 7-day recall interview. Assessments at 6 months post-hospitalization 
were considered to correspond to the end of CR, in which 31% participated. Mean weekly 
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energy expenditure at moderate-intensity or greater at 6 months was 1897 ± 1270 for CR 
participants. This is well above the guideline recommendations. Patients who participated in CR 
had significantly greater energy expenditure than those who did not, however this association did 
not sustain adjustment.  
In a study by Jones et al. 
21
 the total amount of PA was explored among 25 men with a 
history of CAD who were participating in a CR program.  The participants wore an 
accelerometer for seven consecutive days in order to capture their activity during and outside the 
CR sessions. They also used a log in order to record the duration, intensity and mode of exercise 
in which they engaged outside of the CR sessions.  The dependent measure in this study was step 
counts. The participants attended CR for 3.0 ± 1.0 days/week (mean ± SE), accumulated an 
average of 6,907 ± 510 steps/day and expended 466 ± 38 kcal/day during the 7-day assessment. 
Participants accumulated more steps on the days that they attended CR sessions versus non-CR 
days (p<.05). Approximately half (52%) of the participants expended the 10,000 steps/day 
guideline-recommended target on CR days, but only 8% satisfied this on the days that they did 
not attend CR. Fifteen (60%) participants also performed at least one bout of PA at home. These 
participants accumulated 2716 steps / day more than the CR-only participants (p<.05). Overall, 
this study demonstrates the importance of PA on non-CR days to ensure patients achieve the 
volume of PA to achieve health benefits. 
Stevenson et al. 
19
 conducted a study which assessed the changes in PA observed in CR 
participants from the point of entry to exit from the program. Participants started with a 
minimum of 15 consecutive minutes of PA per CR session at the time of entry, and gradually 
increased the duration of PA to a maximum of 40 minutes per session by program exit. A home 
10 
 
exercise program of 30 minutes of PA per day was also prescribed to the participants.  PA was 
assessed using an accelerometer; participants were requested to wear the device for 7 
consecutive days at the entry point and again at the completion of the 18-session CR program. Of 
the 49 participants, 34 (69.4%) completed the post-program accelerometer assessment, with the 
data from 22 (64.7%) participants having sufficient quality for analysis.  At CR completion, 
participants were significantly below the recommended levels of 150 minutes of MVPA, with an 
average of 18.7 ± 2.5 (mean ± SE) minutes of moderate-intensity PA per day (no participants 
recorded any vigorous-intensity PA). This corresponds to only approximately 131 minutes per 
week. Participants engaged in greater amounts of total and moderate-intensity PA on the days 
that they attended CR. 
In one of the largest CR studies, Arthur et al. 
22
  investigated women’s levels of MVPA at 
the conclusion of a CR program, as well as 6 and 12 months following its completion. A total of 
203 women were recruited from two CR sites in Ontario, Canada. The CR program sessions 
were ninety minutes in length and were held twice weekly over a 6-month period.  The 
dependent variable was the attainment of guideline recommended levels of MVPA during CR, as 
assessed via the Godin Leisure-Time Exercise Questionnaire. A mean score of ≥ 24 units of 
PA/week was considered equivalent to the guideline-recommended levels of PA which is 
associated with health benefits. Women exercised a mean of 27 units/week at the end of CR.  
Lastly, Blanchard et al. 
23
 assessed the steps-per-day trajectories of CR graduates. Two 
hundred and thirty-five patients from 8 CR programs (5 in New Brunswick and 3 in Nova Scotia, 
Canada) consented to participate in the study.  The programs ranged in duration (6, 10, and 12 
weeks), frequency of PA sessions (once versus twice/week), and location (community-based 
11 
 
versus hospital-based).  The number of steps was measured using the Yamax DIGI-WALKER 
pedometer. Patients were asked to wear the pedometer during all waking hours of the day for 7 
consecutive days and to record their step count in a logbook at the end of each day. Results 
indicated that patients averaged 6911 steps/day, however the average at CR exit specifically was 
not reported.  
In summary, the evidence suggests that despite clinical practice recommendations and 
participation in CR, patients will increase the amount of PA in which they engage but may not 
always meet the guidelines for PA. These observational studies provide a summary of what 
happens in CR in the “real-world”, whereas often many of the randomized controlled trials of CR 
performed are likely capable of achieving guideline-recommended levels to achieve reductions 
in mortality and morbidity. Clearly more research is needed to examine the degree of PA 
achieved in multiple CR programs and to understand the factors that influence the degree of PA 
achieved. Thus, the purpose of this thesis is to assess the volume of PA at CR exit in and outside 
of the program, and to understand the clinical and theoretical correlates of degree of PA. 
2.6 Socio-Ecological Model to Understand PA  
 Previous research has examined predictors of PA at the end or after CR
 24
, but few have 
done so in a theoretically-informed manner. The socio-ecological model was applied here to 
understand the correlates of PA in the CR setting 
25
.  A socio-ecological perspective suggests that 
individuals vary in their behavior or characteristics in response to the changing resources in the 
social or physical environment 
26
.   
As shown in Appendix A, the socio-ecological model has multiple levels of focus, with 
each being of equivalent significance 
27, 28
.  The model posits that there are individual (e.g. 
12 
 
knowledge, attitudes, and skills), social environmental (e.g., friends, family, and social networks) 
and physical environmental (e.g. home, neighbourhood and community characteristics; weather) 
factors that influence physical activity 
29, 30
. These different levels of influence exert independent 
but also interdependent effects on PA.   
2.6.1 Applying the Socio-ecological Model in the CR Setting 
 The socio-ecological correlates of PA in patients with CVD were examined in a narrative 
review conducted by Petter et al. 
31
 This review included 121 peer-reviewed studies and was 
completed in 2008. Of the articles reviewed, 74 examined participants during a centre-based CR 
program, 27 have examined participants after CR completion, 18 have examined participants 
during a home-based CR program and 30 have examined individuals without the use of a CR 
program. The former group is applicable to the current thesis.  
There were 23 correlates identified at the individual level, some of which were health 
status, self-regulatory self-efficacy, intention, control, previous PA, perceived benefits, task self-
efficacy, barriers, sex, and action planning 
31
. It was found that being male, a non-smoker, 
having a positive attitude and having fewer perceived barriers were associated with more PA in 
one or more CR contexts.  In CR specifically, better overall health status (fewer comorbidities), 
higher level of self-regulation, higher previous PA levels, higher intentions to engage in PA, 
positive beliefs about the benefits of PA, and higher perceived behavioural control corresponded 
to increased PA levels. With regards to the former, it has been proposed that the existence of 
comorbid conditions such as chronic obstructive pulmonary disease, musculoskeletal conditions, 
cancer, and diabetes may create additional barriers to engaging in PA 
32
. For example 
musculoskeletal conditions often cause pain during weight-bearing exercise and cancer treatment 
13 
 
is related to fatigue. It can be inferred that the consideration of comorbid conditions may lead to 
improvements in PA levels during and at the completion of CR 
33
. 
  At the interpersonal level, 3 correlates were found: marital status, subjective norm and 
social support 
31
. Social support was the only correlate that was found to have a significant 
association with higher PA in CR. There were three correlates identified at the institutional level, 
one of which was exercise consultation. Patients who received exercise consultation were found 
to have a higher level of PA in comparison to those who did not. The time of the day was another 
correlate at the institutional level. It was demonstrated that individuals who participated in CR 
during the morning had higher PA levels. Finally, the last correlate at the institutional level was 
the location of the CR program. This did not correspond to an increased level of PA in CR.  
Three community-level correlates were identified and assessed 
31
. Shorter distance to CR, 
and accessibility of CR site were the two correlates which were found to be positively related to 
the level of PA in CR. On the other hand, the time of the year (i.e., season) was not associated 
with PA in patients participating in CR. Finally, there were no policy-level correlates identified 
in this review.  
To our knowledge, Petter et al.
 31 
 is the most recent review conducted to date which 
documents the correlates of PA among CVD patients in CR from a socio-ecological perspective 
in order to address the different levels of influence on PA. Additionally, correlates at the policy 
level of the socio-ecological model have not yet been explored nor identified. There are myriad 
of potential policy level changes which could influence PA levels among CVD patients including 
funding for patients in obtaining gym memberships and/or home exercise equipment 
31
.  Thus 
14 
 
this area of research within the socio-ecological framework is of great value and must be further 
investigated.       
3.  OBJECTIVES 
 The objectives of the study were to: (1) describe the degree of physical activity in highly-
adherent CR participants at the end of their CR program, (2) understand the correlates of 
physical activity in CR graduates, in a theoretically-informed manner. Based on the socio-
ecological model, the following constructs were considered at the individual level: racial/ethnic 
background, living arrangements, work status, education level, income level, depressive 
symptoms, functional status, health status, smoking status, PA self-regulation, PA intention and 
planning, task self-efficacy, and exercise benefits and barriers. Social support, subjective norm, 
marital status, and autonomy support were assessed at the interpersonal level; neighbourood 
environment and home environment at the organizational level of the socio-ecological model, 
and lastly neighbourhood characteristics, mixed-land use, and season at the community level of 
the proposed socio-ecological model.  
 This study was one of the first studies to use a socio-ecological framework to assess the 
contributing factors underlying adherence to PA at the end of CR specifically.  Moreover, novel 
insight was shed on the correlates of PA in a highly-adherent sample of patients who have 
completed CR. This provided information about other activities or environmental factors that 
may be modified in order to promote patients’ attaining PA guidelines during and following CR, 
at this crucial patient transition.  It  also considered the complexity of patients with CVD who 
often suffer from multi-morbidity, and these morbidities can negatively influence PA 
34
. 
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CANDIDATE’S ROLE  
 The candidate’s main roles in this study were to: (1) communicate with the Research 
Ethics Board (REB) with regard to annual renewal and amendments, (2) maintain the study 
binder, (3) obtain informed consent and determine patient eligibility for the trial at the Toronto 
sites, (4) maintain a master tracking data sheet and a consolidated standards of reporting trials 
(CONSORT) 
35
 file, (5) chart abstraction with the Case Report Form (CRF), (6) some baseline 
data entry, (7) mail the accelerometers to participants with instructions and log at intake and 26 
week assessments, (8) 26 week post-test data collection (surveys, clinical data, chart extraction 
where applicable), (9) follow-up with participants via telephone and email, (10) communicate 
any adverse events or out-of-range vital signs to the clinical investigator, (11) data cleaning and 
analysis for thesis, and (12) write up thesis findings for publication.  
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ABSTRACT 
 
Background: Patients with cardiovascular disease (CVD) are at a high risk of subsequent 
events. Therefore, appropriate long-term management is required to achieve secondary 
prevention. Regular physical activity (PA) is arguably one of the chief contributors to secondary 
prevention in patients with CVD which can be achieved through participation in cardiac 
rehabilitation (CR). The objectives of this study were to describe: (1) the degree of PA in CR 
participants at the end of their program, and (2) the correlates of their PA, in a theoretically-
informed manner. 
Methods: A secondary analysis of baseline data from a randomized controlled trial was 
undertaken, cross-sectionally. Highly-adherent supervised CR graduates were recruited from 2 
programs. Participants completed a questionnaire which assessed constructs from the Socio-
ecological model. A modified version of the Godin Leisure-Time Exercise Questionnaire was 
administered to ascertain the participants’ PA at the end of CR. Clinical characteristics were 
obtained from medical charts.  
Results: Two hundred and fifty-five (40.0%) patients consented to participate. Participants 
engaged in a mean of 184.51 (SD=129.10) minutes of moderate to vigorous-intensity PA per 
week, with 134 (62.9%) meeting the guideline-recommendation of 150 minutes. In the 
multivariate model, the socio-ecological correlates which were significantly related to meeting 
the PA target at CR completion were: greater functional status (OR=1.043, 95%CI=1.009-
1.079), self-monitoring (OR=2.342, 95%CI=1.422-3.856) and living with someone who requires 
caregiving (OR=0.22, 95%CI=0.050-0.970). 
Conclusion: Approximately two-thirds of CR program completers are achieving the PA 
guideline target. Attainment of PA targets were related to greater self-monitoring; a skill which 
is readily-teachable to CR participants. Patients with informal caregiving responsibilities 
engaged in significantly less PA. CR staff should explore respite services for such caregivers to 
ensure they can complete their course of CR and have time to be physically active outside of CR 
hours. 
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INTRODUCTION 
Cardiovascular disease (CVD) is among the leading causes of mortality in North 
America. It has been reported that there are more than 1 million Canadians and an estimated 83.6 
million Americans currently living with the disease 
1, 36
. Patients with CVD are at a high risk of 
subsequent events. Secondary and tertiary prevention are comprised of pharmacological 
intervention to reduce blood pressure and dyslipidemia, smoking cessation, eating a heart-
healthy diet and physical activity (PA) 
10, 11
.  In order to achieve cardiovascular benefits, clinical 
practice guidelines recommend that patients accumulate at least 150 minutes of moderate to 
vigorous-intensity physical activity (MVPA) per week 
10, 11
, preferably through exercising for 30 
minutes a day most days of the week.  
Cardiac Rehabilitation (CR) promotes cardiovascular health through the delivery of the 
above prevention strategies, coupled with education and counseling 
1
. Patients who participate in 
CR have 25% lower mortality than those who do not 
5
. Arguably, exercise training is one the key 
components of CR responsible for these mortality reductions 
12
.  However, CR is generally 
offered to patients 2 days a week in Canada 
1
, and patients may not accrue 75 minutes (i.e., to 
total 150 minutes of MVPA/week) of PA each session. Thus, patients must be encouraged to 
engage in PA on non-CR days to achieve guideline recommendations, and to facilitate their 
engagement in and maintenance of their exercising lifestyle in their home or community 
environments post-program. 
Surprisingly little has been published regarding the volume of PA achieved during CR. 
While it may be expected that participants would meet or exceed targets by the end of the 
program as they have had the opportunity to increase their functional capacity and progress their 
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exercise prescriptions, many programs do not assess PA behavior on non-CR days. Whereas in 
randomized controlled trials of CR patients are more-closely supervised to ensure they achieve 
recommended PA levels, observational studies can inform what happens in “real-world” CR. In 
the 7 studies observing the volume of PA in relation to guideline recommendations at the end of 
CR in the literature 
15, 16, 19, 20, 21, 22, 23 
, results demonstrated variability in achievement of the 
target.  For instance, Ayabe et al. 
15
 reported that 43% of participants met the guideline-
recommended caloric expenditure each week, with PA significantly greater on CR than non-CR 
days. Similarly, Reid et al. 
20
 , Blanchard et al. 
23
, and  Arthur et al. 
22
 observed that 46%, 45% 
and 22% (women only) respectively of the patients who participated in CR had energy 
expenditures above the guideline recommendations at CR completion. By the same token,  Jones 
et al. 
21
 and Stevenson et al. 
19
   revealed that patients on average were not meeting the 
recommended level of 150 minutes of MVPA per week at CR completion. 
Socio-Ecological Model 
Previous research has examined determinants of PA at the end or after CR 
24
 , but few 
have done so in a theoretically-informed manner. The socio-ecological model 
26
  is a relevant 
framework to understand the correlates of PA in the CR setting 
25
, particularly as patients are 
encouraged to exercise in and outside of CR.  A socio-ecological perspective suggests that 
individuals vary in their behavior, such as PA, based on their social and physical environments. 
The model posits that there are individual (e.g. knowledge, attitudes, and skills), social 
environmental (e.g., friends, family, and social networks) and physical environmental (e.g. 
home, neighbourhood and community characteristics; weather) factors that influence PA 
29, 30
. 
These different levels of influence can exert independent but also interdependent effects on PA.  
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This model can enable identification of modifiable aspects of the patients’ environment related to 
greater PA at the end of CR, a crucial patient transition point to other PA settings. 
  While participation in CR programs results in greater exercise behavior 
19, 21
, 
surprisingly there are few studies that consider the attainment of PA targets necessary to 
positively impact health outcomes in CR graduates, nor the theoretical aspects related to this PA. 
The purpose of this study was to: (1) describe the degree of PA in CR participants at the end of 
their CR program, and (2) understand the correlates of PA in CR graduates, in a theoretically-
informed manner. Based on the socio-ecological model 
26
, correlates of PA in CR graduates may 
shed light on what leads to successful PA behavior. 
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METHODS 
Design and Procedure 
 This study presents a secondary analysis of the baseline data from a randomized 
controlled trial entitled “ECologically OPtimizing exercise maintenance in men and women 
following Cardiac Rehabilitation” (ECO-PCR; clinicaltrials.gov identifier NCT01658683).  It is 
a two-institution, parallel-group, superiority study evaluating the efficacy of an exercise 
facilitator intervention in improving long-term exercise maintenance in patients exiting CR 
compared to usual care. The design of this secondary analysis was cross-sectional. The study 
received research ethics approval from all participating institutions. 
 Study coordinators at each site attended the graduating and second last CR classes to 
solicit patient interest.  Consenting participants were provided a self-report survey to complete, 
which assessed socio-demographic characteristics, PA, along with elements of the socio-
ecological framework 
26
. Clinical data were extracted from CR charts.  
Participants and Setting 
 Participants were recruited from 3 CR programs in Ontario, Canada (one institution 
offered programs at 2 sites). The supervised CR programs offered ranged in duration from 8 
weeks to 6 months. Across all programs, participants underwent medical and coronary risk factor 
assessments, received individualized exercise prescriptions, and participated in supervised 
exercise sessions 2 times each week. Other services were available at each site on an as-needed 
basis (e.g. nutrition counseling, diabetes education, stress management, smoking cessation 
therapy, vocational and/or psychological counseling and social work). While there were some 
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differences in education timing and delivery format between programs, each program was based 
on the Canadian CR Guidelines 
1
. 
Patients were included in the study if they were currently participating in an on-site CR 
program of ≥ 8-week duration, had attended ≥ 75% of scheduled CR sessions (i.e., they would be 
graduating), had a documented diagnosis of coronary artery disease (CAD), were 18 years of age 
or older, and were able to walk unaided at 2 mph. Patients who had New York Heart Association 
class III or IV heart failure 
37
, were pregnant, lactating or planning to become pregnant during 
the study period, were unable to read and understand English or French, or lived more than one-
hour travel time from the study centers were excluded. 
Measures 
The socio-demographic characteristics of participants were obtained through self-report 
questionnaires. The following elements were assessed: age, ethnic background, living 
arrangements, marital status, number of children, education level, and income level. The clinical 
characteristics of participants which included the primary indication for CR, risk factors (i.e., 
diabetes, obesity, hyperlipidemia, and hypertension), and disease severity indicators were 
obtained from CR records. The socio-ecological correlates of PA were assessed as outlined 
below, and as shown in Figure 1.   
Individual Level 
 Correlates at the individual level included many of the socio-demographic and clinical 
characteristics outlined above. For instance, participants’ racial/ethnic background, employment 
status, education, income, smoking status and ethnicity were assessed through forced-choice 
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response options in the self-report survey. Other correlates at the individual level were the 
participants’ clinical characteristics, which were extracted from the CR charts.   
Other individual-level correlates were assessed through psychometrically-validated 
scales. This included depressive symptoms, functional status, barrier self-efficacy, PA intention 
and planning, PA self-regulation, task self-efficacy, and exercise benefits and barriers. The 
Patient Health Questionnaire-2 (PHQ-2) 
38 
 was administered to assess depressive symptoms 
over the past two weeks. For each item the response option ranged from 0 “not at all” to 3 
“nearly every day”. PHQ-2 total scores ranged from 0 to 6, with higher scores indicating greater 
depressive symptoms 
38
.   
Functional status was assessed using the Duke Activity Status Index (DASI) 
39  
 which is 
a self-administered questionnaire that correlates highly with patients’ peak oxygen uptake. There 
were 12 items, with a yes/no response option for each. These items related to personal care, 
ambulation, sexual function and recreational activities. Higher scores on this scale denoted 
greater functional capacity 
39
.  
The barrier self-efficacy construct was measured using a modified version of the 13-item 
scale developed by Plotnikoff et al.
40
   This scale evaluated one’s confidence to engage in 30 or 
more minutes of MVPA/day on at least 5 days a week against 14 potential hindrances. Each item 
was scored between 0 and 100%, with each percentage having an allocation ranging from “not at 
all confident” to “extremely confident”.  There was also a response option of ‘not applicable’ for 
each barrier. The mean of the items were calculated to provide a total score.  
Blanchard’s 2-item PA intention scale 41 was administered. Each item was scored from 1 
and 5 on a scale from “strongly disagree” to “strongly agree”. The mean of the items was 
calculated, with higher scores denoting greater intentions. PA planning was measured using a 4-
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item action planning scale also developed by Blanchard et al.
41
 
 
 Each item was again scored 
from 1 to 5 on a scale from “strongly disagree to strongly agree”. The mean of the items was 
computed.  
PA self-regulation was measured using the 12-item PA Self-Regulation scale (PASR-12) 
42
 . The items assessed self-monitoring, goal setting, eliciting social support, reinforcement, time 
management, and relapse prevention, with two questions pertaining to each. Each item was 
scored on a 5-point Likert scale with response options ranging from “never” to “very often”. The 
PA self-regulation score was calculated by summing the two items pertaining to each element, 
resulting in 6 sub-scale scores.  
Task self-efficacy was measured using Blanchard’s 7-item scale 43.  This scale assessed 
one’s confidence to continue to participate in at least 30 minutes of regular MVPA. Each item 
was scored from 10-100% corresponding to the range from “not at all confident” to “completely 
confident”. The mean of all items was computed to provide a total score.  
Beliefs about the benefits of, and barriers to, exercise were measured using the 43-item 
Exercise Benefits/Barriers scale (EBBS) 
44
. Participants were asked to rate the degree to which 
they agree with each of the items by choosing one of the 4 response options ranging between 
“strongly agree” to “strongly disagree”. The mean of the 14 barrier sub-scale items was 
calculated, with higher scores indicative of more barriers. The mean of the 29 benefit sub-scale 
items was calculated, with higher scores indicative of more benefits. The direction of the barrier 
items was reversed, and total mean score was also computed.   
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Interpersonal Level 
 The interpersonal-level correlates assessed were living arrangements, marital status, 
social support, subjective norm, and autonomy support. First, living status and marital status 
were self-reported in the survey as outlined earlier. Next, social support from family, friends and 
other CAD patients or peers was measured using Sallis et al.’s 13-item scale 45.  Ten of the items 
in the scale related to encouragement, 2 of the items related to rewards while 1 item related to 
punishment. Each item was scored from 1-5, ranging from “none” to “very often”. A score of 8 
corresponded to the option of “does not apply,” and was considered missing. The sum of scores 
was calculated separately for encouragement, rewards and punishment by family, friends and 
others.  
The subjective norm construct was assessed by Blanchard’s 3-item scale 46. This scale 
reflected one’s beliefs about the perception of family and friends regarding the importance of 
regular PA. Each item was scored from 1 to 5, ranging from “strongly disagree” to “strongly 
agree”. The mean of all three items was computed.   
Lastly, autonomy support from healthcare providers was measured using the 6-item 
Health Care Climate Questionnaire (HCCQ) 
47
. Each item was scored from 1 to 7 ranging from 
“not at all true” to “very true”. Higher mean scores represented a higher level of autonomy 
support 
47
.  
Organizational Level 
The correlates at the organization level included participant’s home exercise equipment 
availability and neighborhood environment. Perceived home environment was measured using a 
modified version of Sallis’ Perceived Environment Related to Physical Activity scale 48. This 
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survey assessed the types of PA equipment participants owned and whether they would use 
during the next week, with a yes/no response option.  
Places to engage in PA was measured using a modified version of the Physical Activity 
Neighborhood Environment Scale (PANES) 
49
 and the Perceived Environment Related to 
Physical Activity 
48
. This scale evaluated the availability and use of facilities. Each item was 
assessed with a “Yes” or “No” response. A descriptive frequency analysis was conducted to 
calculate the availability and use of each place to do PA.  
Community-Level  
The perception of neighborhood characteristics was another socio-ecological construct 
under investigation in this study.  It was measured using a subscale of the Neighbourhood 
Environment Walkability Scale (NEWS) developed by Saelens et al. 
50
 There were 9 items on 
this scale, with subscales for neighborhood aesthetics, perceived neighbourhood crime rate, and 
street connectivity.  Each item was scored from 1 to 4, ranging from “strongly disagree” to 
“strongly agree”. Applicable responses were averaged to ascertain subscale scores.   
Another correlate investigated at the community-level was season.  A variable was 
created to denote whether participants completed their survey in the months of December, 
January, and February in comparison to other months of the year.  Lastly, mixed-land use was 
assessed. Participants were asked to report the type of neighborhood in which they reside as 
residential, mixed commercial residential or mainly commercial. There were no measures of 
public policy-level constructs in this study.  
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Dependent Variable 
A modified and validated version 
51
 of the Godin Leisure-Time Exercise Questionnaire 
52
  
was administered to ascertain the average weekly MVPA of the participants. Participants were 
asked, “How many days in a typical week in the past six months did you do moderate (e.g., fast 
walking, easy bicycling, easy swimming, dancing) PA for at least 10 minutes at a time?” and, 
“On the days when you did moderate PA, how many minutes on average did you spend per day 
doing this activity?”. The same two questions assessed the frequency and duration of vigorous-
intensity (e.g., running, jogging) activities. To calculate the total MVPA score, the frequency of 
moderate-intensity PA was multiplied with the duration of moderate-intensity PA, which resulted 
in the total minutes per week of moderate-intensity PA. The same equation was applied in order 
to calculate the total number of minutes participants engage in vigorous-intensity PA. The total 
minutes of moderate and vigorous PA per week was then summed.  Additionally, in order to 
determine the proportion of people meeting the recommended guidelines of 150 minutes of 
MVPA per week 
10, 11
 a dichotomous variable was computed (i.e. < or ≥ 150 minutes). 
Statistical Analysis 
 All analyses were performed using SPSS version 21.0 
53
.  To test the first objective, the 
mean Godin score was described.  To assess the second objective, Pearson’s correlations, 
Analysis of Variance or Student’s t-tests were computed between the revised Godin score of 
number of minutes of MVPA/week and each of the socio-ecological correlates. Variables which 
were significantly related to MVPA were then entered by blocks (to correspond to model level) 
into a stepwise logistic regression analysis using a backward conditional selection procedure, 
with PA target as the dependent variable. 
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RESULTS 
A total of 1374 patients were approached, of which 740 patients (54%) were deemed 
ineligible. Of the ineligible patients, 80 patients were from the sites in Toronto while 660 
patients were from Ottawa. In Toronto, patients were considered ineligible for the following 
reasons: 43 (53.8%) patients did not have a documented CAD diagnosis, 20 (25%) patients did 
not read or understand English or French, 6 (7.5%) patients had attended less than 75% of the 
CR classes, 5 (6.3%) patients were planning to leave the province or region in the next 12 
months, 5 (6.3%) patients could not walk 2 mph, and 1 (1.3%) patient had a New York Heart 
Association class III or IV 
37
. Two hundred and fifty-five (40.0%) of the 634 eligible participants 
consented to participate. The socio-demographic and clinical characteristics of participants are 
described in Table 1.  
With respect to objective one, participants engaged in a mean of 184.51 ± 129.10 minutes 
of MVPA per week (median = 175). With respect to the recommended guidelines, 134 
participants (62.9%) were engaging in at least 150 minutes of MVPA per week. 
Socio-Ecological Correlates of PA 
 The socio-ecological constructs are reported in Tables 1 and 2. Mean scores for the 
psychometrically-validated scales are shown in Table 2.  Table 3 displays the correlations 
between the continuous socio-ecological correlates.  
Associations with PA at CR exit are presented in Table 2. At the individual-level, there 
were positive, significant associations of PA with being male, having fewer depressive 
symptoms, higher functional status, the presence of fewer comorbidities, engaging in greater 
self-monitoring, greater reinforcement, better time management, higher relapse prevention, 
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higher PA intentions, higher PA planning, higher barrier self-efficacy, greater exercise benefits, 
and fewer exercise barriers. At the interpersonal level, not living with someone who requires 
caregiving and perceiving a positive health care climate were significantly and positively 
associated with the participants’ PA at CR completion. 
Figures 1 and 2 display the organizational-level constructs. As shown in Figure 1, 
regarding the home environment, the availability of weight training equipment, having a dog, 
skis and skates were significantly associated with greater PA. There were trends for having 
aerobic workout videos, a swimming pool, and an outdoor bicycle. As shown in Figure 2, 
regarding the neighbourhood environment, having access to a swimming pool and schools’ 
recreation program were significantly related to greater PA at the end of CR.  There were trends 
for having access to a golf course, and beaches, lakes, rivers or creeks. Lastly, at the community-
level, perceived crime was the only variable found to be significantly correlated, in a negative 
direction, to the participants’ PA at the end of CR. There was a trend for aesthetics. 
The results of the stepwise logistic regression are reported in Table 4. One variable which 
was significantly related to PA was excluded from the model (Table 3). The presence of 
Osteoporosis was excluded, as there were too few cases. Association between the socio-
ecological correlates were examined for potential multi-collinearity and none was observed (i.e., 
variance inflation factors all below 2). Functional status, self-monitoring and living with 
someone who requires caregiving were each significantly related to meeting the PA target at CR 
completion.   
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DISCUSSION 
 In this sample of CR graduates from academic programs, approximately two-thirds were 
meeting PA guidelines at CR completion. With regard to the socio-ecological correlates of 
meeting the PA guideline at CR exit, patients with greater functional status, and engaging in 
greater self-monitoring and not having to provide caregiving were significantly associated with 
greater PA. The likelihood that patients met the PA guideline was over two times greater in 
patients who engaged in greater self-monitoring. The likelihood that patients met the PA 
guideline was over 78% lower in patients who had caregiving responsibilities. While the 
association with functional status is likely due to reverse causation, self-monitoring skills are 
highly teachable and represent an important area of focus for CR providers. 
Despite clinical practice recommendations and participation in CR, patients may not 
always meet the guideline recommendations for PA by program completion. Our findings are 
consistent with the handful of  other studies in this area 
15, 16, 19, 20, 21, 22, 23
. Future research is 
needed to investigate the initial exercise prescription of patients, how they are progressed 
through the program, and whether patients have legitimate clinical contraindications to engaging 
in guideline-recommended levels of PA. Given it is known that many patients dropout of CR and 
that PA decays post-CR, these results, while concerning, are in line with the broader rates of 
inactivity reported in the adult population. 
This study provides support for the socio-ecological model as a framework in 
understanding the correlates of PA in a CR setting. Previous research has examined correlates of 
PA at the end or after CR 
24
, but few have done so in a theoretically-informed manner. This study 
was the first to apply the socio-ecological framework to assess the contributing factors 
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underlying adherence to PA at the end of CR specifically. Within the individual level of the 
model, many associations observed were consistent with what has been reported in previous 
research 
31
. The association identified for self-monitoring, is an example of this. In a study by 
Izawa et al, 
54
 it was found that the use of self-monitoring approach during supervised CR 
effectively increased exercise maintenance at CR completion. Similarly, in a study by Carels et 
al, 
55
 using a self-monitoring approach increased the participants’ cardiorespiratory fitness, 
increased weekly exercise and increased kilocalorie expenditure from leisure time PA. 
Additionally, other populations have exhibited a similar finding.   Burke et al. 
56
 conducted a 
review of literature on three components of self-monitoring in behavioural weight loss studies: 
diet, exercise and self-weighing.  The study revealed that self-monitors of exercise had greater 
weight loss, fewer barriers with exercise and exercised more often. This finding is encouraging 
as this strategy is easily implementable by healthcare practitioners in the CR setting. For 
example, staff members could encourage participants to complete a daily exercise diary 
describing their exercise type and duration. Patients can use paper-and-pencil, or an internet-
based diary to record daily PA. Indeed, there are software and structured internet programs that 
are designed for self-monitoring which have been established as effective in research 
56
. This 
modality can potentially lessen the burden of self-monitoring and consequently enhance PA 
adherence among participants. 
Our finding that patients caring for a loved one engage in less PA has been demonstrated 
in other populations. In a review by Ross et al,
57
 it was shown that cancer caregivers have the 
tendency to sacrifice their need of proper nutrition, PA and rest for the patient’s healthcare 
needs, which consequently lead to deterioration in their own health. While evidence on the 
effects of caregiving on caregiver health behavior is equivocal, there is much evidence 
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documenting deleterious mental health outcomes 
58
. Given the informal caregivers in this 
program were at least taking their own condition seriously and participating in CR, it is 
imperative to remind them to pace themselves and prioritize their own health. In light of the time 
constraints that caregivers may be facing, healthcare providers should secure respite support to 
liberate patient’s time to engage in more PA, in order to ensure their own cardiac condition is 
optimally managed.   
Caution is warranted when interpreting these results. An important limitation of this 
study is the reliance on self-report with respect to the primary outcome variable, which poses the 
risk of patients over-reporting their PA. Self-report of PA is subject to bias and error 
59
. The 
second main limitation of this study is related to design. In cross-sectional studies such as this, it 
is not possible to infer a cause-and-effect relationship between correlates and PA. For example, it 
is likely that the association observed between functional capacity and self-reported MVPA is bi-
directional. Third, the objectives of this secondary study were not pre-specified. This can lead to 
under-powered tests of associations. Fourth, there were no constructs measured at the public 
policy level of the socio-ecological model. Therefore there may be other unmeasured factors, 
which affect PA in this population. The final limitations relate to generalizability. The findings 
may not be generalizable to settings outside of Ontario, where CR services are not reimbursed 
through the health care system. Finally, the generalizability of the findings will be limited to 
those who gain access to CR and complete the program, which represents only approximately 
20% of cardiac outpatients 
20
.   
In conclusion, approximately two-thirds of CR graduates meet guideline-recommended levels of 
150 minutes of MVPA per week. Attainment of PA targets were related to greater self-
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monitoring; a skill which is readily-teachable to CR participants. Patients with informal 
caregiving responsibilities engaged in significantly less PA. CR staff should explore respite 
services for such caregivers to ensure they can complete their course of CR and have time to be 
physically active outside of CR hours 
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EXTENDED RESULTS AND DISCUSSION 
Extended Results 
 The SPSS software was used to explore the distribution of the dependent variable, 
MVPA. Sixteen cases were identified as outliers, considering they had a z-score outside of the 
appropriate range. The outlier MVPA values were as follows: 3600, 2700, 1440, 1350, 1140, 
960, 950, 910, 840, 840, 750, 720, 660, 630, 630, and 620. Due to the implausible nature of these 
values, the corresponding participants’ surveys were checked to confirm the validity of the data 
entry. The participants were also contacted in order to ascertain the accuracy of their responses. 
Considering that the outliers could not be corrected, it was decided that they should be 
eliminated from the analysis as they do not represent valid population data points. It is important 
to note, outliers can lead to inflated error rates and reduce the power of statistical tests. They can 
also decrease normality, and bias or influence estimates that may be of great importance.  
MVPA was compared between sites of recruitment using Analysis of Variance 
(ANOVA) to ascertain potential differences.  The results indicated that there were no significant 
site differences in the attainment of guideline recommended levels of MVPA at CR completion 
(F = 0.728, p = 0.484). 
Extended Discussion 
Parallel with previous research, there were no socio-ecological correlates assessed in this 
study at the public policy level of the model. The correlates at this level may be best identified 
using a qualitative approach. For example, by investigating the policies that are currently in 
practice, as well as interviewing patients, CR program administrators, as well as municipal and 
provincial government officials could provide insight as to what is required to improve PA 
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among CVD patients 
31
 . In light of the fact that policy change is likely to translate to population 
level change, this area of pursuit deserves significant consideration. There are many promising 
public policy level changes that could influence PA in CVD patients. Some examples include 
funding for CVD patients who cannot otherwise afford it to gain access to gym memberships or 
home exercise equipment. In addition, CR programs can be reformatted in order to include 
training for CR staff members to understand the different correlates which can aid in enhancing 
PA in this population. 
The current investigation raises some directions for future research. First, future studies 
should attempt to analyze the initial exercise prescription for participants at the beginning of CR 
and how they have progressed throughout the course of the program. For instance, assessing the 
number of times the exercise prescription has been modified and at what time interval, may shed 
some light on the extent of the participants’ PA improvement. This could also help in 
understanding the suitability of MVPA at CR completion.  
Second, given the socio-ecological model considers the levels as interdependent, analysis 
to consider this interdependence should be undertaken. For example, multi-level models could be 
tested. Specifically, a two-level random effects model could be run where level one 
corresponded to patient-level variables and level two to broader ecological level variables. 
Moreover, structural equation modeling could be used to explore mediators and moderators of 
MVPA. 
 PA at CR completion was measured via a self-report survey. The result of this study 
would have been more robust if MVPA measurements were obtained directly by using 
accelerometers. Objective measures are not susceptible to socially-desirable responding, 
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however, there are other biases 
59, 60, 61
. For instance, when participants know their activity is 
being tracked, they may tend to engage in more PA 
62
. It can be speculated that levels of MVPA 
would be over-estimated with either assessment method. Consequently, the nature of correlates 
identified in this study at each level of the model may not necessarily be affected.  
The ECO-PCR trial has recently received renewal funding from the Heart and Stroke 
Foundation.  Therefore recruitment will continue to secure a larger sample of female participants 
to assess sex differences in PA at CR completion as well as in the socio-ecological correlates. 
Participants’ PA is not only going to be measured via a self-report survey but also through the 
use of accelerometers in order to yield more robust data. The investigators will re-examine the 2 
objectives of this thesis when baseline data collection is complete, and potentially submit the 
findings for publication at that time. 
In conclusion, secondary analysis of the post-CR data from the ECO-PCR trial has revealed 
that not all patients attain the guideline-recommended levels of PA. This study identified the key 
correlates of PA at CR completion. As the later assessments are completed for the trial, the 
investigators will be able to test whether these, or other, correlates are key determinants to PA 
maintenance over the year post-program. 
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Appendix B: Proposed Socio-ecological Constructs by Level 
 
Socio-ecological Model Level Proposed Constructs To Be Assessed (*) 
Individual (Knowledge, Attitudes, Skills) Sex (Appendix D, page 1), Racial/Ethnic 
Background (A*),  Work Status (A), 
Education Level (A), Income Level (A), 
Depressive Symptoms (A), Functional 
Status (B), Health Status: Comorbidities 
(C), Smoking Status (C), PA Self-
regulation (L), PA Intention and Planning 
(J), Task Self-efficacy (O), Barrier Self-
efficacy (F), Exercise Benefits and 
Barriers (Q), BMI (Appendix D, page 3) 
Interpersonal (Family, friends, Social 
Networks) 
Social Support: Participation, Rewards, 
and Punishment (K), Subjective Norm 
(N), Living Arrangements (A), Marital 
Status (A), Autonomy Support: Health 
Care Climate (P), 
Organizational (Organization, Schools, 
Workplaces) 
Neighbourhood Environment: Places to 
do PA (H), Home Environment: Home PA 
Equipment (I) 
Community (Design, Access, 
Connectedness, Spaces) 
Neighbourhood Characteristics: 
Aesthetics, Crime Rate, and Street 
Connectivity (G), Mixed-Land Use (G, 
item 10), Season (Appendix D, page 1) 
 
BMI (body mass index), PA (physical activity) 
*Denotes section of survey where construct is assessed.  
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TABLES 
Table 1: Socio-demographic and Clinical Characteristics of Participants at CR Exit, 
N=255. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PCI=Percutaneous Coronary Intervention; CR=Cardiac Rehabilitation; SD=Standard Deviation.  
 
Characteristics 
Socio-demographic n (%) /  mean ± SD 
Age  63.4 ± 9.37 
Sex (% Male) 205 (80.4 %) 
Racial/Ethnic Background (% White/Caucasian) 194 (87.0 %) 
Living Arrangements (% with Family) 171 (76.3 %) 
Living with Someone Who Requires Caregiving 17 (7.6%) 
Employment Status (% Retired) 107 (47.8 %) 
Marital Status (% Married/Equivalent) 166 (74.8 %) 
Highest Education (% University) 115 (51.6 %) 
Income Level (≥ $50,000 CAD/year) 119 (56.9 %) 
Clinical  
 
 
Referral Indication (% PCI) 161 (63.1%) 
Duke Activity Status Index  47.37 ± 11.48 
Risk Factors (% yes)  
History of Physical Inactivity 82 (36.9 %) 
Smoking History  119 (60.7 %) 
Current Smoking  3 (1.3 %) 
Body Mass Index  28.16 ± 4.83 
Hypertension  114 (45.1 %) 
Dyslipidemia   126 (49.8 %) 
Comorbidities (% yes) 
 
 
Musculoskeletal or joint issues 79 (31%) 
Arthritis  53 (23.8%) 
Diabetes  43 (19.4%) 
Asthma  21 (9.5%) 
Cancer 16 (7.2%) 
Osteoporosis 10 (4.5%) 
Chronic Obstructive Pulmonary Disease  8 (3.6%) 
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Table 2: Socio-ecological Constructs, by Level, and Association with Moderate and 
Vigorous-Intensity Physical Activity at Cardiac Rehabilitation Exit 
 
Socio-ecological Constructs Minutes MVPA 
/ Week 
Mean ± SD† 
 
 
Test of Association 
r (p) / t 
 
Individual Level 
  
Sex  t=2.12 (0.04) 
Male 194.70 ± 135.85  
Female 147.98 ± 93.85  
Racial/Ethnic Background  t= 1.46 (0.14) 
White/Caucasian 178.64 ± 129.06  
Other 219.80 ± 129.28  
Work Status  t= -0.35 (0.73) 
Retired/Equivalent 186.96 ± 131.79  
Other 180.48 ± 126.80  
Education Attainment  t= -1.74 (0.08) 
University 199.50 ± 132.28  
Other 167.48 ± 124.47  
Annual Income   t= -1.31 (0.20) 
$0-49,999  CAD 170.58 ± 130.11  
≥ $50,000 CAD 195.69 ± 128.56  
Depressive Symptoms† 0.56 ± 1.12 r= -0.20 (0.004) 
Functional Status† 47.27 ± 11.48 r= 0.26 (0.001) 
Comorbidities   t= 0.28 (0.78) 
Yes 182.56 ± 135.51  
No 187.81 ± 118.25  
Smoking Status  t= -0.55 (0.59) 
Never 174.83 ± 117.06  
Former 185.82 ± 138.64  
PA Self-Regulation†   
Self-Monitoring 3.95 ± 0.83 r= 0.32 (<0.001) 
Goal Setting 3.99 ± 1.61 r= 0.09 (0.18) 
Eliciting Social Support 2.31 ± 1.09 r= 0.02 (0.80) 
Reinforcement 3.79 ± 0.93 r= 0.24 (0.001) 
Time Management 3.78 ± 0.93 r= 0.27 (<0.001) 
Relapse Prevention 3.17 ± 1.07 r= 0.21 (0.003) 
PA Intention† 4.76 ± 0.49 r= 0.17 (0.02) 
PA Planning† 4.49 ± 0.72 r= 0.15 (0.04) 
Task Self-Efficacy† 8.39 ± 10.90 r= 0.20 (0.79) 
Barrier Self-Efficacy† 7.11 ± 2.45 r= 0.19 (0.005) 
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Exercise Benefits† 95.84 ± 11.97 r= 0.30 (<0.001) 
Exercise Barriers† 24.15 ± 5.53 r= -0.23 (0.001) 
Body Mass Index - r= -0.08 (0.24) 
Interpersonal Level 
 
  
Living Status  t= -1.66 (0.09) 
With Family  192.34 ± 127.29  
Alone 156.43 ± 132.83  
Number of People in the Household† 2.25 ± 1.10 r= 0.06 (0.37) 
Living with Someone Who Requires 
Caregiving 
0.8 ± 0.27 t= 2.38 (0.02) 
Yes 106.07 ± 88.28  
No 190.46 ± 130.19  
Marital Status  t= -1.72 (0.09) 
Married/Equivalent 193.29 ± 124.85  
Other 155.90 ± 141.74  
Subjective Norm† 4.35 ± 0.64 r= 0.06 (0.44) 
Social Support†   
Family Participation 23.43 ± 10.93 r= 0.08 (0.25) 
Friend Participation 18.92 ± 8.99 r= 0.06 (0.42) 
Other Participation 13.17 ± 15. 27 r= -.0.06 (0.39) 
Family Rewards 1.47 ± 1.13 r= 0.10 (0.17) 
Friend Rewards 1.12 ± 0.65 r= -0.03 (0.69) 
Other Rewards 1.09 ± 0.71 r= -0.12 (0.12) 
Family Punishment 2.23 ± 1.28 r= -0.07 (0.36) 
Friend Punishment 2.14 ± 1.25 r= -0.14 (0.06) 
Other Punishment 2.17 ± 1.50 r= -0.03 (0.71) 
Autonomy Support†   
Health Care Climate 5.3 ± 1.60 r= 0.15 (0.04) 
Organizational Level (see figures) 
 
  
Community Level 
 
  
Neighborhood Characteristics†   
Aesthetics 3.47 ± 0.59 r= 0.14 (0.06) 
Crime Rate 1.20 ± 0.38 r= -0.15 (0.04) 
Street Connectivity 3.02 ± 0.78 r= -0.05 (0.45) 
Mixed Land-Use  t= 0.94 (0.35) 
Residential 178.97 ± 122.04  
Mixed Commercial and Residential 199.17 ± 149.41  
Season   t= -1.16 (0.25) 
Winter 164.75 ± 133.11  
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All Other Seasons 187.55 ± 120.17  
†for continuous variables which are not described in Table 1, the mean scores and standard 
deviations are reported.  
PA=physical activity; MVPA=moderate to vigorous-intensity physical activity 
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Table 3: Pearson’s Correlations between the Continuous Socio-ecological Correlates of Physical Activity under Investigation 
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-
.1
2 
.0
4 
-
.13 
.19
** 
.59
** 
.76
** 
.51
** 
.76
** 
.91
** 
.43
** 
1      
26.Other 
Punishmen
t 
-
.04 
-
.01 
.02 .01 
-
.06 
.04 .03 
-
.05 
-
.05 
-
.04 
-
.0
3 
-
.01 
-
.0
1 
-
.00 
-
.0
7 
-
.0
1 
-
.14 
.27
** 
.54
** 
.77
** 
.50
** 
.72
** 
.89
** 
.51
** 
.88
** 
1     
27.Health 
Care 
Climate 
-
.13 
.01 
.22
** 
.15
* 
.10 
.16
* 
.29
** 
.28
** 
.12 
.19
** 
-
.0
3 
.12 
.0
2 
.26
** 
-
.0
1 
-
.0
4 
.15
* 
.12
0\ 
.08 .07 .05 .07 
-
.00 
-
.08 
-
.03 
-
.0
3 
1    
28.Aestheti
cs 
-
.21
** 
.14 
.19
** 
.11 .03 
.18
** 
.19
** 
.22
** 
.01 
.19
** 
-
.0
3 
.15
* 
-
.1
1 
.25
** 
-
.0
7 
-
.0
1 
.19
** 
.08 .02 
-
.12 
.07 
-
.05 
.03 .01 .03 
.0
5 
.0
9 
1   
29.Crime 
Rate 
.13
* 
-
.14 
-
.12 
-
.05 
.06 
-
.10 
.06 
-
.05 
-
.07 
-
.03 
.1
3 
-
.08 
.0
3 
-
.18
** 
.0
2 
-
.0
8 
-
.03 
-
.16
* 
-
.11 
-
.05 
-
.12 
-
.08 
-
.06 
-
.07 
-
.06 
-
.0
7 
-
.1 
-
.13 
1  
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30.Street 
Connectivi
ty 
-
.03 
.10 
-
.00 
.03 .10 .00 .00 .09 .07 .06 
.0
3 
.13 
-
.0
0 
.13 
-
.0
1 
.0
7 
.01 
-
.01 
.07 .08 .09 
.16
* 
.11 .01 .07 
.0
8 
.1
2 
.22
** 
.1
1 
1 
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Table 4: Stepwise Logistic Regression Analysis of the Socio-ecological Correlates of 
Physical Activity 
 
Independent Variables β p OR 95% C.I. 
Functional Status 0.043 0.014 1.043 1.009 1.079 
Self-Monitoring 0.851 0.001 2.342 1.422 3.856 
Living with Someone Who 
Requires Caregiving 
1.520 0.045 0.220 0.050 0.970 
 
OR=Odds Ratio; C.I.=Confidence Interval 
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FIGURES 
 
Figure 1: Socio-ecological Correlates of Physical Activity at the Organizational Level: 
Home Environment  
       
 
 
 
*p<0.05, **p<0.01, † Trend 
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Figure 2: Socio-ecological Correlates of Physical Activity at the Organizational Level: 
Neighbourhood Environment  
 
 
 
 
 
*p<0.05, † Trend 
 
0 50 100
Racquet clubs / courts (tennis)
Playing fields (soccer, football, etc.)
Arenas (skating, hockey)
Schools offering recreation programs
Golf courses
Community recreation centres
Fitness clubs
Bicycle lanes / paths
Swimming pools
Beaches, lake, river, or creek
Indoor shopping malls
Public parks
Jogging / walking paths
Will you use it?
Available?
† 
* 
* 
† 
 
